Abstract : An experimental study was carried out to clarify the relationships between lead exposure and the changes in nerve conduction velocities or in porphyrin metabolism in rats. The rats in Groups A, B and C received intraperitoneal lead injections in respective doses of 0, 0.2 and 2.0 mg/kg of lead, once a week for 22 weeks. During the experiment, all rats grew normally, and there was no significant difference in the group mean body weights.
INTRODUCTION

Interest
has recently intensified in the slowing of the conduction velocities in peripheral nerves as an indicator of lead poisoning.1,2) However, the minimum Pb-B level at which a measurable impairment of peripheral nerve function will Y. PANG, et al. between the changes in nerve conduction velocity and porphyrin metabolism also remains unsolved. Extensive studies3-9) have been made on the clinical changes in neuropathy due to lead, especially under excessive exposure. Several experimental studies10-12) on peripheral neuropathy were reported in animals exposed to lead, and some results10,11) demonstrated that lead exposure induces impairment of peripheral nerve function in the experimental animals.
In the present study, maximum motor conduction velocity (MCV), maximum sensory conduction velocity (SCV) and parameters relation to porphyrin metabolism were measured in rats to clarify the effect of the degree of lead administration on electrophysiological responses and changes in porphyrin metabolism, under low levels of lead exposure. Electrophysiological examinations Maximum motor and sensory nerve conduction velocity (MCV and SCV) and distal motor latency (D.L.) were measured in the tail nerves in the rats.
MATERIALS AND METHODS
The electrodiagnostic technique for detection of peripheral nerve dysfunction has been described in detail in the reports of Misumi.17) The proximal, middle and distal sections along the rat's tail were named respectively A, B and C. The MCV was tested in section A-B, and the SCV in sections A-B (proximal part), B-C (distal part), and A-C (whole length).
The nerves were supramaximally stimulated with a single pulse of 0.3 msec duration at a frequency of 1 Hz, delivered by an electric stimulator (MNS-1101, Nihon Kohden Co.). Action potentials were amplified with a time constant of 0.01 sec, and displayed on the screen of an addscope (ATAC-250, Nihon Kohden Co.) and recorded on graph paper with an X-Y recorder (3086-22, Yokogawa Denki Co.). The skin temperature 
RESULTS
There were no significant differences in the body weight between the exposed and control groups, although a slight inhibition of weight gain in the C group occurred in the latter stages of exposure (Fig. 1) The mean ALA-U in the B group was not significantly different from the control group, except at the 2nd week. ALA-U levels in the control group ranged from 0.60 to 1.20 mg/l. There were no significant differences in PBG-U between the poisoned (B, C) and control groups during the whole experimental period. 
DISCUSSION
The lead levels in the blood and organs were elevated with increasing lead doses (Table 1 ). The order of lead levels in organs of the poisoned groups showed a typical distribution of lead in the body, and was in good agreement with the results of the study reported by Mouw et al.18) None of the rats treated with lead for 22 weeks had any apparent clinical symptoms or signs of lead poisoning, except for a slight inhibition of weight gain in the C group during the latter stage of the experiment. In the C group, there were changes in several electrophysiological and biochemical parameters in the peripheral nerves and heme biosynthesis after the lead administration. The times of onset of significant changes in the parameters are summarized in Table 2 . In the B group treated with the smaller dose of lead, only temporary changes occurred in some parameters, as in SCV, D.L., ALA-U and Ht, and they recovered in the subsequent week. Subclinical dysfunction in peripheral nerves accompanying metabolic changes in the porphyrin biosynthesis was clearly detected in rats treated with 2.0 mg/kg of lead. As shown in , Fig. 3 , the mean MCVs in the C and control groups were about 36 m/sec and 42 m/sec, respectively, after the 10th week of the experiment.
On the other hand, as described in the results, no significant reduction of SCV occurred in either the B or C groups during the whole experimental period. This indicates that lead mainly attacks the motor nerve, as described in the classical clinical observations.
The lack of correlation between the changes of nerve function and biochemical indices in lead workers has been reported by many investigators.4,22-24) For instance, Ashby6) found no evidence of a relationship between neurophysiological and either FEP levels or Hb concentrations.
On the other hand, there are some reports in which a relationship between biochemical and neurophysiological changes has been observed after exposure to lead. Sessa et al.25) observed that a decrease in ulnar MCV was paralleled by an increase in FEP. Catton et al. 3) noted an association between nerve dysfunction and anaemia.
Under the conditions of exposure in our present study, as shown in Table 2 , a decrease in motor conduction velocity occurred from the 10th week, after metabolic changes in porphyrin had already developed.
From this the question arises whether accumulated protoporphyrin interferes directly with neurological function in vivo. An accumulation of protoporphyrin in the nervous system as a result of lead intoxication has been demonstrated by Whetsell et al.,26) who used cultured neural tissue. The accumulation of excess protoporphyrin was most prominent in the glial cells, which were damaged most in childhood lead neuropathy.27) However, the direct effect of protoporphyrin on peripheral nerve still remains unknown. In conclusion, the lead levels of blood and organs increased with an increase of the lead dose. The decreasing order of lead levels in organs in poisoned rats was bone>kidney>spleen>liver.
Furthermore, the present study indicates that the disorders in porphyrin metabolism appear at first in the early stage of the lead exposure, and then, significant but slight changes in nerve function occur several weeks later as the lead exposure progresses. Investigation on neurotoxicity of
